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1. Abstract

Various survey technologies (including optical sensors on remotely operated vehicles (ROVs),
autonomous underwater vehicles (AUVs), and human-occupied submersibles; and acoustic
sensors on ships) are currently used by researchers at the Northwest and Southwest Fisheries
Science Centers (NWFSC and SWFSC, respectively) to survey commercially and ecologically
important demersal fishes (particularly rockfishes, genus Sebastes) in untrawlable areas along the
west coast of the United States. In the fall of 2011, a survey was conducted at The Footprint and
Piggy Bank near Anacapa Island off southern California using each of these methods. The primary
goal of the survey was to compare estimates of abundance and biomass for select demersal
rockfish species and the precision of those estimates, derived using each of these optical and
acoustic survey techniques. This report describes the results of the optical survey of rockfishes
using an ROV (Phantom DS4) conducted by the Advanced Survey Technologies Program’s ROV
team at the SWFSC.

A total of 37 strip transects were conducted at depths between 90 and 390 m between 21
September and 8 December, 2011. Abundance and biomass estimates were calculated for all
rockfishes (genus Sebastes), lingcod (Ophiodon elongatus), and Pacific hake (hake; Merluccius
productus). However, the primary focus of the analysis was on the following recreationally or
commercially important “target” species: greenspotted rockfish (S. chlorostictus), sunset rockfish
(S. crocotulus), cowcod (S. levis), bocaccio (S. paucispinis), and bank rockfish (S. rufus). In addition,
we described the geological characteristics of the seabed along each transect, examined some
aspects of these fishes’ behavior that may affect abundance and biomass estimates (e.g., observed
height of each fish above the seabed; and reactions of fishes to the ROV), and analyzed the time
required to analyze the results from this survey.

Over 37,700 individuals from 33 species of rockfishes, lingcod, and hake were observed during
this survey. From these observations, we estimated a total abundance of ~2.3 million fishes with a
total biomass of ~287 metric tons (mt). The rockfish community within the survey area was
numerically dominated by four small, semi-pelagic aggregating species (S. hopkinsi, S. ensifer, S.
semicinctus, and S. jordani) that comprised ~71% (N = ~1.6 million individuals, 0.22 < CV < 0.56)
of the observed rockfish population. Among non-aggregating rockfish species, S. rufus (8%, N =
177,981, CV = 0.26), S. diploproa (3%, N = 67,275, CV = 0.42), and S. simulator (3.3%, N = 75,853,
CV =0.12) were commonly observed. Sebastes rufus was the most abundant target species (see
above), while S. paucispinis (N = 12,624, CV = 0.37), S. chlorostictus (N = 5,206, CV = 0.34), S. levis
(N =4,109,CV =0.28), and S. crocotulus (N = 951, CV = 0.46) were much less abundant. The
biomass was more evenly distributed among species, with larger but less numerous rockfish
accounting for a greater proportion of the biomass than abundance. Sebastes rufus (21%, B = 60
mt, CV = 0.26) had the greatest biomass, followed by S. ensifer, S. hopkinsi, and S. jordani (41%, B =
119 mt, 0.31 < CV £ 0.66). Among the other target species, S. paucispinis (6%, B = 16.2 mt, CV =
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0.35) had the greatest biomass, with S. levis (2.6%, B = 7.5 mt, CV = 0.30), S. chlorostictus (0.9%, B
=2.5mt, CV=0.41), and S. crocotulus (0.4%, B = 1.0 mt, CV = 0.44) and comprised a smaller
proportion of the total biomass across both banks. The precision of abundance (0.28 < CV < 0.46)
and biomass (0.26 < CV < 0.44) estimates were reasonably low for all target species. As expected,
differences in the distribution and abundance of many species were observed between banks and
depth strata.

Additional analyses examined the length distributions; observed height above the seabed;
observed behavior of fishes; optimal sample allocation; and the time required to analyze photo
and video data from this survey. Results of these analyses are also discussed.



2. Introduction

Rockfishes (genus Sebastes) represent an ecologically and economically important component of
the groundfish community along the entire west coast of the United States (U.S.) (Love et al. 2002).
They are generally long-lived, late-to-mature, and experience episodic recruitment. They inhabit a
broad range of depths and seabed types (Love et al. 2002). Rockfishes (genus Sebastes) are highly
susceptible to overfishing and their biomass has been significantly reduced throughout their
range. For example, off southern California (CA), cowcod (Sebastes levis) has been severely
depleted. Consequently, areas have been closed to fishing for cowcod to aid in rebuilding their
stock (Butler et al. 2003). Cowcod is thought to have a strong preference for high-relief, hard-
bottom substrates in deep water and is one of many rockfishes that cannot be sampled using
traditional sampling methods (e.g., such as trawls and hook-and-line), which are extractive and
potentially destructive to sensitive seabed habitats.

The Northwest and Southwest Fisheries Science Centers (NWFSC and SWFSC, respectively)
presently utilize a variety of advanced technologies, including optical sampling from remotely
operated vehicles (ROVs), manned submersibles (SUBs), and autonomous underwater vehicles
(AUVs); and acoustic sampling from ships to sample rockfishes and other managed groundfishes
in untrawlable areas. However, it is often difficult to assess the relative effectiveness and
efficiency of these methods and quantitatively compare their survey results.

In the fall of 2011, a survey was conducted to compare abundance and biomass estimates of
demersal fishes estimated using these different optical survey methods. The survey area included
two relatively deep, rocky banks near Santa Cruz and Anacapa Islands: The Footprint and Piggy
Bank (Fig. 1). Optical sampling was conducted from three different platforms: 1) an ROV (Deep
Ocean Engineering Phantom DS4), 2) a manned submersible (Dual Deep Worker, Nuytco), and 3)
an AUV (SeaBED). Acoustic sampling was also conducted using multi-frequency (18, 38, 70, 120,
and 200 kHz) Simrad EK60 echosounders.

The primary goal of this project was to estimate: 1) numbers and sizes of all observed rockfishes
(both common and rare, large- and small-bodied, and semi-aggregating and highly
demersal/solitary), lingcod (Ophiodon elongatus), and Pacific hake (hake; Merluccius productus);
2) densities (and associated sampling precisions) for these species; and 3) total abundance and
biomass (and sampling precisions) for these species using the various survey technologies
described above. In addition to these primary goals, we also examined the biodiversity, vertical
distribution of observed fishes, observed behavioral reactions to the ROV, sampling design, and
costs associated with our analysis of data collected using the ROV. This report presents the results
of the optical-only survey using the Phantom DS4 ROV, which is owned and operated by the ROV
team in the Advanced Survey Technologies Group (AST) in the Fisheries Resources Division at the
La Jolla Laboratory of the SWFSC.



3. Methods

3.1 Optical-ROV Surveys of The Footprint and Piggy Bank

Underwater visual transect surveys were conducted using the ROV aboard the Commercial
Passenger Fishing Vessel (CPFV) Outer Limits. Due to inclement weather conditions and technical
problems with the ROV, the survey was conducted during four legs between September and
December 2011: Leg 1 (21-22 September), Leg 2 (4 October), Leg 3 (12-13 October), and Leg 4
(4-8 December). The allocation of effort was stratified by region (The Footprint and Piggy Bank),
and depth (100m depth bins from 0-400m). The location of transects during Leg 1 (Fig. 1, orange
transects) were selected based on preliminary acoustic backscatter data collected by AST between
13 and 14 September. Subsequent transects were selected at random (Legs 2-4, Fig. 1). Visual
transects were conducted during daylight hours (~06:30 to 17:00 h PST) and spanned a variety of
seabed types, from flat-sandy and mud seabeds to steeply sloping, high-relief rocky seabeds.

The location of the ROV above the seabed was estimated using an ultra-short baseline (USBL)
acoustic tracking system (TrackLink 5000, LinkQuest, Inc.) and differential global positioning
system (dGPS, CSI Wireless dGPS MAX). The length of each transect was estimated from the ROV
speed that was measured using a Doppler velocity log (DVL, Workhorse Navigator, Teledyne RD
Instruments). Water-column and near-bottom water quality parameters [e.g., temperature,
salinity, dissolved oxygen (DO) concentration and DO saturation (%)] were measured during each
transect using a CTD (Citadel CTD-ES, Teledyne RD Instruments) and optode (Model 3930,
Aanderaa, Inc.). All data were time-stamped and logged synchronously using integrated navigation
software (WinFrog, Fugro Pelagos, Inc.). Reference lasers (spaced 20 and 60 cm apart) were used
to estimate fish lengths and transect widths (see Effort analysis below).

All video footage was recorded to digital-video tape (DVCAM) and later used for enumerating
fishes and characterizing the seabed. To aid in the identification and measurement of fishes
observed on the video tapes, and also for better characterizing seabed substrates, over 3,000 high-
quality digital still images were taken concurrently. All navigation, photo, and video data are
archived in the SWFSC’s SQL Server database (ROV2).

3.2 Effort analysis

Early in the survey, some transects spanned several acoustic track lines and multiple depth strata.
However, in general, the sampling unit for this survey was an individual transect within a single
depth strata. In cases where transects spanned multiple depths strata, they were split into
multiple transects by 100-m-depth bins. To reduce potential variability arising from very short
transects, only those transects with lengths greater than 200 m were included in the analysis.
Transect lengths were calculated from the speed of the ROV, as measured by the DVL. Distances
calculated using this method are accurate to ~ +1% (Stierhoff et al. In prep.). Area searched was
estimated from the transect width, or width of the video frame, which was estimated every 10 s



using the reference lasers and photogrammetric software (3Beam v5.0, Kocak et al. 2002, Pinkard
et al. 2005, Stierhoff et al. 2012).

3.3 Photo analysis

All fishes and some invertebrates (particularly structure-forming hard and soft corals) were
identified in all digital still images by ROV team members. In total, 57 fish species were identified,
including 33 species of rockfish (Table 1). These high-resolution still images were used as
vouchers to assist in the identification of fishes during the analysis of standard-definition video
footage (see below).

3.4 Video analysis

The primary focus of the video analysis was to provide counts and length estimates for all
demersal rockfishes (genus Sebastes), thornyheads (genus Sebastolobus), lingcod and hake. The
observed height-above-the-seabed, seabed association, and reaction to the ROV were also
quantified for all observed rockfishes. The details of these various analyses are described below.

3.4.1 Enumeration of fishes

All species of interest were identified to the lowest possible taxon and counted. When fishes could
not be identified to species, they were identified to the genus (e.g., unidentified rockfish, Sebastes
spp.; or unidentified thornyhead Sebastolobus spp.) or subgenus level (e.g., rosy-group rockfish,
Sebastomus spp.).

3.4.2 Length estimates

For each observation, total length (TL; cm) was estimated to the nearest 10 cm (e.g., 0-10 cm, 10-
20 cm, etc.) using the 20- or 60-cm parallel reference lasers. When fish were oriented normal to
the lens of the camera and near the reference lasers, screen grabs were taken to more precisely
measure TL using an open-source image analysis package (Image], National Institute of Health).
Estimates of TL from the image analysis software are compared with those estimated during the
initial video analysis.

3.5 Abundance and biomass estimation

The total abundance and biomass of each species was estimated within each depth stratum and on
each bank. Total abundance (N) in each transect was estimated using the strip transect method
(Buckland et al. 2001) by multiplying the density of each species (D) within a stratum by the total
area (A) within that stratum. For each species within each stratum, density was calculated as:

n

=L*W

where n is the number of individuals encountered during the transect, L is the transect length, and
w is the average transect width. The total area of each depth stratum was estimated using ArcGIS



(Table 2). The biomass (B) for each species was estimated from known length-weight
relationships as:

B=axTL?

where TL was estimated using reference lasers. The midpoint of each size class was used (e.g., 5
cm for the 0-10 cm class) to estimate biomass. Species-specific coefficients for and a and b are
listed in Appendix 1. Many species for which few or no voucher specimens are available (e.g.,
dwarf-red rockfish, S. rufinanus; rosethorn rockfish, S. simulator; and pygmy rockfish, S. wilsoni),
coefficients for closely related species (as described in Hyde & Vetter 2007) were substituted for
the purposes of this analysis. The relationship for vermilion rockfish (S. miniatus) was substituted
for the newly described sunset rockfish (S. crocotulus)(Hyde et al. 2008). Since many of the
unidentified rockfishes were of the semi-pelagic, aggregating variety, coefficients for squarespot
rockfishes (S. hopkinsi, the most common species with similar behavior and vertical distribution)
were used. For unidentified rosy-group fishes (Sebastomus sp.), coefficients for swordspine
rockfish (S. ensifer, the most common Sebastomus species observed) was used. Mean, CV of the
mean, and 90%-quantile confidence intervals for abundance and biomass were estimated using a
non-parametric bootstrap of 1,000 samples (Efron & Tibshirani 1993).

3.6 Additional analyses

3.6.1 Seabed classification and association

Primary and secondary geologic seabed characteristics were described at the beginning of the
transect, at the time of each fish observation, and also at any transition between different seabed
types, allowing for the description of associations between each species and different seabed types
and also the estimation of area searched within each seabed type. Both the primary (>50% of the
seabed within the strip area) and secondary (20-50% of the seabed within the strip area) seabed
characteristics were described. Seabed classifications generally followed the classification scheme
of Greene et al. (1999), and were based on particle size: mud (clay to silt; <0.06 mm), sand (0.06-2
mm), pebble (2-64 mm), cobble (64-256 mm), boulder (0.25-3 m), low-complexity (<0.25 m
pavement) reef, and high-complexity (>0.25 m) reef. The term “complexity” refers to the presence
and the size of cracks and crevices in the seabed that may provide refuge to rockfishes. Based on
the size and shape of these features, low-complexity and high-complexity reef probably serve the
same ecological function as sand/pebble and cobble/boulder, respectively.

3.6.2 Fish height-above-the-seabed

The observed height of each fish above the seabed was also estimated. The observed height was
classified as either “on” (i.e., in contact with) or “in” the seabed (i.e., under rocks or within rock
crevices), or categorized based on the observed height above the seabed (0.1-0.5 m, 0.5-1.0 m, 1-2
m, 2-3 m, or >3 m). The ROV typically surveyed close to the seabed (average altitude = 1.04 m)



with the camera oriented slightly below horizontal (average pitch = 24° below horizontal), so
most observations occurred within ~2 m of the seabed.

3.6.3 Reaction to the ROV

The observed reaction of each fish to the ROV was also recorded. A reaction is considered to be an
alteration in fish behavior (generally a change in direction or speed) that occurs between the time
when the fish is first visible and when a positive identification is possible. In this sense, a reaction
could potentially bias (either positively or negatively) optically-estimated abundance and
biomass. Observed reactions were classified as: no reaction, lateral movement (either toward or
away from the center of the camera field of view, or forward ahead of the ROV), vertically (toward
or away from the seabed), or down and horizontal (e.g., large groups of individuals swimming
toward the seabed and away from the center of the camera field of view).

3.6.4 Biodiversity estimates

Standard biodiversity statistics (species richness, S; species diversity, Shannon H’ and Simpson A1)
were computed for each transect and then summarized within each depth stratum and at each
bank. The expected species richness (rarefaction) in a particular sample from that stratum was
also estimated (using the rarefy function in the ‘vegan’ package for R). To estimate the number of
future transects that may be necessary to sample a bank with similar species composition as those
surveyed here, rarefaction curves were also calculated for each bank using the specaccum function
in ‘vegan’.

3.6.5 Analysis time

The time required to process and analyze the results of this survey were also examined. Analysts
accurately quantified their time spent reviewing footage from each transect to provide an estimate
of the average time required to analyze a unit of video recording,.

3.6.6 Sample allocation

For each species, we compared the actual allocation of samples between banks and depth strata to
what the optimal allocation (a la Neyman 1934) would be to maximize precision given a fixed
number of samples with known population sizes and variance. The optimal allocation of samples
for a given stratum (n,) was computed as:

np =nx (Ny xSp)/ Z(Ni * 5;)

where n is the total sample size, N;, is the population size for stratum h, and S, is the standard
deviation for stratum h.

3.7 Statistical analysis
All statistical analyses were conducted using R (R Development Core Team 2011). For example,
biodiversity parameters were computed using the R package ‘vegan’ (Oksanen et al. 2012). All



figures were produced using the R package ‘ggplot2’ (Wickam 2009). All maps were produced
using ArcGIS v10 (ESRI, Inc.).

4. Results

4.1 ROV Surveys of The Footprint and Piggy Bank

A total of 37 transects were surveyed at average depths from ~90 to 390 m. The majority of
transects were conducted between the depths of 100 to 300 m on The Footprint, and from 200 to
300 m on Piggy Bank (Table 2, Fig. 1). The transect length ranged from ~300 to 1300 m, with
most having lengths between 300 and 600 m. Transect durations ranged from 20 to 140 minutes.
The average transect width was 2.97 + 1.34 m. Estimates of strip width at 10 s intervals were used
to estimate the total area searched during each transect, which were used to estimate total
abundance and biomass (Appendix 2). Due to technical problems with the ROV, inclement
weather, or both, the ROV portion of this comparative survey had to be completed in several “legs”
spanning several months between September and December.

4.2 Distribution and abundance of species of interest

Abundance, biomass, and the various other descriptive statistics were estimated for all rockfishes,
thornyheads, lingcod and hake. For ease of discussion, only the results for select “target” species
(e.g., greenspotted rockfish, S. chlorostictus; sunset rockfish, S. crocotulus; cowcod, S. levis;
bocaccio, S. paucispinis; and bank rockfish, S. rufus) are described in detail in Results. These target
species are those species for which stock assessments are currently conducted. Other significant
findings (e.g., most abundant species by number or biomass) are also presented. However, data for
all species are presented in the various figures, tables, and appendices.

4.3 Abundance and biomass estimates

Over 37,700 individuals from thirty-three species of rockfishes, 0. elongatus, and M. productus
were counted during this survey. The rockfish community within the entire survey area was
numerically dominated by four small, semi-pelagic and aggregating species (squarespot rockfish,
S. hopkinsi; swordspine rockfish, S. ensifer; halfbanded rockfish, S. semicinctus; and shortbelly
rockfish, S. jordani) that comprised ~80% of all rockfishes (Table 1). Among non-aggregating
species, S. rufus (5%) and S. simulator (1.5%) rockfishes were commonly observed. Sebastes rufus,
n = 1,883) was the most abundant target species. In comparison, S. paucispinis (n = 232), S. levis (n
= 62), and S. crocotulus (n = 16) were much less abundant (Table 1).

Overall abundance and biomass estimates were calculated for 33 species of rockfish, three
unidentified rockfish groups, and also O. elongatus and M. productus (Table 3). Estimates of
abundance and biomass of each of these species within each depth strata on each bank is provided
in Appendix 3.



We estimated approximately 2.3 million rockfishes, 0. elongatus and M. productus between 100-
400 m on both banks (Table 3). Sebastes ensifer (619,114) was the most abundant species, which
was slightly more abundant than S. hopkinsi (566,753). Among target species, S. rufus (177,981)
were highly abundant. Sebastes paucispinis (12,624), S. chlorostictus (5,206), and S. levis (4,109)
were much less abundant than those smaller, aggregating species (Table 3).

Total biomass of all species was approximately 287 metric tons (mt; 1 mt = 1,000 kg) in the same
area (Table 3). Nearly 62% of the total fish biomass was comprised of the combination of S. rufus
(60 mt) and small, aggregating species (S. hopkinsi, S. ensifer, S. jordani; 118 mt). The other target
species, S. paucispinis (16.2 mt), S. levis (7.5 mt), and S. chlorostictus (2.5 mt) had relatively lower
biomass.

The overall coefficient of variation (CV) for the estimated abundance (range = 0.12-1.00) and
biomass (range = 0.15-1.01) varied greatly among all species (Table 3). Species whose abundance
and biomass estimates with very high CV values (greater than ~0.50) were those that were either
rarely encountered (e.g., S. crameri, S. lentiginosus, S. rufinanus, and S. serranoides) or whose
densities varied greatly with depth (e.g., S. hopkinsi, S. jordani, S. ovalis, and S. semicinctus, which
were densely aggregated in the shallower strata of The Footprint and almost entirely absent on
Piggy Bank). Among target species, the CV values were relatively low and ranged from 0.28-0.46
and 0.26-0.44 for abundance and biomass, respectively. For S. levis, the overall CV values of
abundance and biomass were quite low (0.28 and 0.30, respectively), and probably reflect the
relatively even distribution of this species among transects on The Footprint and their total
absence from any transects on Piggy Bank (Fig. 2). Sebastes rufus also had very low CV values
(0.26 for both abundance and biomass), but in contrast to S. levis, was highly abundant in the
deeper strata on both banks (Fig. 2). As expected, differences in the distribution of many species
were apparent by depth and bank (Fig. 2). Small, more numerically abundant species (e.g., S.
ensifer, S. hopkinsi, S. semicinctus, and S. wilsoni) were commonly encountered on the shallower
(<200 m) portions of The Footprint. S. paucispinis and S. levis were found almost exclusively on
The Footprint. S. diploproa, S. rufus, and S. simulator were found throughout the deeper strata on
both banks, and were the only species commonly observed on Piggy Bank.

4.4 Length estimates

Alarge number of length estimates were obtained for each species using the 10-cm length bins
(Fig. 3). Several small (< 30 cm TL) young-of-the-year (YOY) or juvenile S. levis and S. paucispinis
rockfish were observed. Comparatively fewer length estimates of target species (3-60% of
observed individuals) were possible using the parallel reference lasers and image analysis
software (Fig. 4, Table 4). A comparison of mean TL estimates between the two methods suggests
that both provide similar results (~ 5-11% error), and that the percent error decreased with
increasing mean TL (Table 4).



4.5 Additional analyses

4.5.1 Seabed classification

The geomorphology and seabed composition varied greatly between these two banks (Fig. 5). The
geomorphology of The Footprint consists of a relatively narrow, longitudinal ridge running
roughly NW to SE, which is flanked on either side by a gradually sloping seabed. The seabed along
the ridge was primarily hard and consisted of a mixture of low-and high-complexity rocky reef,
boulder and cobble (Fig. 5). At The Footprint, ROV transects were conducted primarily over
cobble (~ 26%) and high-complexity reef (22%), with several transects occurring over mud and
sand substrate (~ 37%). The deeper areas (>200 m) flanking the ridge were mostly soft mud and
sand substrate. In contrast, Piggy Bank was deeper and composed almost entirely of high-
complexity rocky reef and boulder (Fig. 5). ROV transects at Piggy Bank occurred primarily over
high-complexity reef (~ 53%) and boulder (~ 34%), with small areas of cobble (~ 6%) and other
finer sediments (0-4% each).

4.5.2 Seabed associations

The encounter rates of rockfishes in this survey varied by species and seabed type (Fig. 6). Several
species were relatively abundant over soft, low-relief seabeds (e.g., S. diploproa, S. jordani, and S.
saxicola), while the target species (S. crocotulus, S. levis, S. paucispinis, and S. rufus) were found
almost entirely over hard, relatively high-complexity seabed types. The relative encounter rate of
these species by depth and seabed type is illustrated in Fig. 7.

4.5.3 Observed height above the seabed

The observed vertical distribution of rockfishes within the survey area also varied greatly by
species (Fig. 8). Several of the highly abundant species (S. hopkinsi, S. ovalis, and S. semicinctus)
were most commonly observed =1m above the seabed, while S. simulator, one of the most
abundant species, was found almost entirely on or within 0.5 m of the seabed. Among the target
species, S. rufus was found almost entirely on or within 0.5 m of the seabed; and S. paucispinis was
mostly observed = 1 m above the seabed. Nearly 50% of S. levis were observed resting on the
seabed, but a large portion were observed = 1 m above the seabed.

4.5.4 Observed reaction to the ROV

The majority (~ 76%) of rockfishes were not observed reacting to the ROV (Table 5).
Approximately 12% of all observed fishes were observed moving away from the center of the
frame, upward or down-and-away from the center of the frame, but the percentage of individuals
observed reacting varied by species (0-43%). Such behavior could have potentially influenced the
accuracy of the abundance estimates. The remaining ~ 12% of fish also exhibited an observed
reaction, but that reaction (e.g., swimming ahead of the ROV, laterally toward the transect line, or
downward toward the seabed) was unlikely to influence the accurate quantification of those
individuals. In general, the percentage of small, aggregating species (e.g., S. hopkinsi, S. semicinctus,
S. wilsoni, and S. jordani) that were observed reacting to the ROV was greater than those species
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that typically occur individually or in small groups. The observed reaction of target species to the
ROV ranged from 1.5% (S. chlorostictus) to 18% (S. paucispinis).

4.5.5 Biodiversity estimates

Biodiversity also varied greatly by depth strata and bank (Table 6). The greatest number of
species (richness = 15) was observed in the 0-100 m depth stratum on The Footprint, and the
fewest were observed in the 300-400 m stratum at Piggy Bank. The rarefied species richness (the
number of species expected per number of samples) was greatest in the 300-400 m stratum at The
Footprint, with all other strata having rarefied species richness between 3.5 and 5.1. Neither of
these richness parameters account for the abundance of different species so Shannon H’ and
Simpson 4, which do account for abundance differences, were also calculated. Again, the greatest
diversity (both H’ and A, respectively) were observed in the 300-400 m stratum at The Footprint,
but diversity was relatively uniform across all depth strata and banks. Biodiversity estimates for
each transect is presented in Appendix 4.

The species accumulation (rarefaction) curves from each bank have much different shapes (Fig.
9). The curve for The Footprint rises steeply in the first few samples and begins to plateau after ~
10 transects. The rarefaction curve at Piggy Bank increased at a slower rate and never reached an
asymptote. Although there were fewer transects at Piggy Bank, the other diversity estimates
corroborate the finding that there is less biodiversity at Piggy Bank compared to The Footprint.

4.5.6 Video analysis time

Much of the data analysis was performed at sea during the survey. For example, at the end of each
day, all ROV data were processed and prepared for entry into the SQL database using a custom
script (Matlab, The Mathworks). This included processing of navigation, CTD, and event log data,
and geo-referencing of still images. Many of the photo identifications were also completed while
aboard the CPFV Outer Limits, while others were done soon after the completion of the survey.

Two experienced video analysts reviewed all video tapes between 29 February and 30 March
2012. A total of 114 hours were required to review 29 h of video footage from the ROV transects.
On average, 4.9 h were required to analyze each hour of video. However, the time required to
analyze individual transects varied greatly (range = 1.25-20.5 analysis hours per video hour), due
in large part to differences in groundfish diversity and abundance associated with different depths
and seabed types. For example, transects over deep, low-complexity seabeds generally have much
lower abundance and diversity, while dense aggregations of semi-pelagic species comprise the
groundfish community in shallow, high-complexity areas of the seabed. Higher abundance and
diversity tend to greatly increase the video analysis time.

4.5.7 Sample allocation

We calculated the optimal allocation of sampling effort given the abundance and variability in
abundance of each species in each depth stratum and bank. We compared those results with the
actual distribution of effort (Appendix 5). Prior to the survey, samples were allocated to be
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roughly proportional to the amount of total area within each stratum while also considering the
depth strata (e.g., 100 to 300 m) in which we expected to encounter target species, particularly S.
levis. These results provide interesting insight into the design of transect surveys for the various
species encountered here. For example, no S. levis were found deeper than 300 m, and only one S.
levis was observed shallower than 100 m, so an optimal survey would not allocate any effort to
those strata. Furthermore, since the total abundance and variability of S. levis was slightly greater
in the 200-300 m stratum compared to the 100-200 m stratum (Appendix 5), some effort should
have been shifted from the shallower to the deeper of these two strata (Table 7). For S.
paucispinis, an optimal design would allocate much of the effort in the 100-200 m stratum at The
Footprint where abundance was nearly twice as great as in the deeper stratum. Likewise, an
optimal sampling design for S. rufus would allocate much of the effort to the 200-300 m stratum at
The Footprint, and in the 300-400 m stratum at Piggy Bank where the population estimate was
greatest and variability was relatively high.

5. Discussion

The ROV-optical survey at The Footprint and Piggy Bank produced much data, including:
estimates of abundance, density, and biomass for ~ 35 groundfish species with associated
estimates of precision; maps showing the spatial distributions of these various biological
parameters; descriptions of the behaviors of the species encountered; and geological descriptions
of the seabeds within the areas surveyed. It also provided an estimate of the time required to
conduct such a survey, and answered some interesting questions regarding the optimal design
(i.e., sample allocation) of surveys for the species present at these two locations. This report
highlights some of the more important and interesting findings of this study, with the primary
focus being on the estimation of abundance and biomass of several rockfishes off southern CA for
which stock assessments have been or continue to be conducted.

5.1 Groundfish abundance, biomass, and biodiversity

Groundfish community structure varied greatly between the two banks surveyed. Many small,
aggregating, semi-pelagic species were highly abundant within the shallowest strata on The
Footprint. Sebastes levis and S. paucispinis were relatively abundant in the intermediate depth
strata (100-300 m) where rocky substrates were present. Sebastes rufus and S. simulator were
highly abundant in the deepest strata on both banks where rocky substrate was present,
particularly on Piggy Bank. These results are not surprising given the observed depth and seabed-
habitat associations of these species throughout southern CA (Love et al. 2002, Love et al. 2009,
Butler and Stierhoff, unpublished data).

The total abundance and biomass was dominated by several highly abundant species (S. ensifer, S.
hopkinsi, S. jordani, and S. rufus), which comprised ~ 71% and 61% of the abundance and biomass,
respectively. All measures of biodiversity were greater on The Footprint compared to Piggy Bank,
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which is likely due to the significantly broader depth range and greater diversity of seabed types
on The Footprint, and also due to the greater number of samples on that bank that would increase
the likelihood of encountering additional, rarer species.

5.2 Precision of abundance and biomass estimates

The CV values estimated for all species varied greatly. Species that were highly abundant and
distributed somewhat evenly throughout the survey area had low CV values (< 30%), while
species that were rarely encountered or patchily distributed had relatively high overall CV values.
Among the species of interest, S. rufus, S. levis, S. paucispinis, and S. chlorostictus all had relatively
low CV values (0.26-0.37), while S. crocotulus had a relatively high CV (0.49). The CV values for
these target species could probably be reduced in future surveys through improved stratification
using more reliable information on the distribution of rocky substrate, such as those that will
come from acoustic surveys by the AST group.

The abundance, biomass, and precision estimates presented here are from 37 transects conducted
within four depth strata at two banks. It is worth noting that due to technical problems with the
ROV and subsequently the inability to survey due to inclement weather, this survey was executed
over a period of several months. The abundance and biomass estimates calculated from all
transects assumed that each transect was spatially independent, and that the species being
surveyed have some site fidelity, small home ranges, or both, which would minimize the
possibility of immigration, emigration, or movement between different seabed-habitat patches on
either bank. Ideally, all transects would have been conducted during the seven day window
immediately following the acoustic survey, as originally planned.

5.3 Behavior of rockfishes

A minority of groundfishes were observed reacting to the ROV, with ~ 76% of all individuals
exhibiting no reaction to the ROV. However, the proportion of fish that were observed reacting to
the ROV was species dependent, with many species showing no observed reaction at all, while a
large proportion of other species were observed reacting to some degree (e.g., S. jordani). We
assume that the reactions observed by the ROV did not greatly influence our estimates of
abundance or biomass. Nevertheless, a comparison of reaction rates between different visual
survey platforms, optimally made from an independent source that does not cause fish reaction,
should be conducted to examine whether behavior of these species might influence abundance
and biomass estimates.

The vertical distribution (i.e., height-above-the-seabed) of the groundfishes observed in this study
varied greatly by species, but was consistent with the expected distribution based on what is
known about their ecology as described in the results of other submersible-based visual surveys.
Some species were predominantly resting on the seabed or within 0.5 m of the seabed. Others
were predominantly off the seabed and distributed > 3 m above the seabed. Although the ROV
camera was frequently directed upward to observe the water column, the ROV was typically
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piloted close to the seabed (average altitude of ~ 1.2 m) with the cameras oriented below
horizontal (average pitch of 24° below horizontal) to efficiently survey the groundfish species that
were the target of this survey. In this orientation, and with a camera having a 46° vertical field-of-
view, the ROV typically sampled the volume of water ~ 1 m above the seabed.

It is possible, however, that many of these species were present > 3 m above the seabed, but that
the low altitude of the ROV and the orientation of the ROV camera below horizontal restricted our
observations to the layer of water less than 3 m above the seabed. It is also possible that the
observed height of these fishes above the seabed was influenced by the presence of the observing
platform, and that these observations do not describe the natural vertical distribution of these
fishes in the absence of the ROV or any other visual observing platform. This assertion is
supported by multi-frequency echosounder data that shows the compression of acoustic
backscatter (primarily from rockfishes) toward the seabed during deployment of the ROV (Demer,
unpublished data) and tag data from cowcod, bocaccio, vermilion, and several other rockfish
species that suggests these fishes may rise 10s of meters above the seabed (Hyde and Wegner,
unpublished data). Data such as these do not corroborate observations from visual surveys (from
ROVs, AUVs, submarines, or SCUBA divers) that indicate many rockfishes reside almost entirely on
or very near the seabed. Therefore, additional research is needed to describe the natural vertical
distribution of demersal rockfishes.

5.4 Survey design

The goal of this survey was to quantify all groundfishes at The Footprint and Piggy Bank down to a
depth of 400 m. Therefore, the allocation of sampling effort seems adequate for quantifying many
species, but was less than ideal for others. The calculation of optimal (Neyman) allocation should
help refine the design of future surveys to provide more precise estimates of biomass and
abundance with the amount of resources available.

5.5 Analysis time

The video analysis undertaken by the ROV team was quite ambitious, and probably represents a
worst-case scenario for the amount of time that is required to process video footage from an ROV
survey of this magnitude. For example, the descriptions of behavior and observations of height-
above-the-seabed observations for all species would not be necessary if one was only interested in
producing abundance and biomass estimates for select species. Furthermore, an analysis focused
solely on economically important species (e.g., S. levis, S. paucispinis, and S. rufus) would require
much less effort than a more ecologically focused analysis that sought to characterize the entire
groundfish community, especially in areas where large numbers of aggregating groundfish species
Co-occur.
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8. Tables

Table 1. Summary of observations (total abundance and percent total) for all species of interest
observed during the analysis of video tapes.

Scientific name Common name Total observations % Total

Sebastes hopkinsi Squarespot rockfish 14,866 39.4
Sebastes ensifer Swordspine rockfish 10,295 27.3
Sebastes semicinctus Halfbanded rockfish 3,028 8.0
Sebastes jordani Shortbelly rockfish 2,438 6.5
Sebastes rufus Bank rockfish 1,883 5.0
Sebastes sp. Rockfish-unidentified 1,571 4.2
Sebastes wilsoni Pygmy rockfish 1,083 2.9
Sebastes ovalis Speckled rockfish 594 1.6
Sebastes simulator Pinkrose rockfish 570 1.5
Sebastes diploproa Splitnose rockfish 314 0.8
Sebastes paucispinis Bocaccio 232 0.6
Sebastes saxicola Stripetail rockfish 222 0.6
Ophiodon elongatus Lingcod 100 0.3
Sebastes chlorostictus Greenspotted rockfish 66 0.2
Sebastes levis Cowcod 62 0.2
Merluccius productus Pacific hake 57 0.2
Sebastomus sp. Rosy-group rockfish 53 0.1
Sebastes constellatus Starry rockfish 51 0.1
Sebastolobus alascanus Shortspine thornyhead 39 0.1
Sebastes zacentrus Sharpchin rockfish 37 <0.1
Sebastes rubrivinctus Flag rockfish 32 <0.1
Sebastes rosenblatti Greenblotched rockfish 25 <0.1
Sebastes elongatus Greenstripe rockfish 20 <0.1
Sebastes phillipsi Chameleon rockfish 18 <0.1
Sebastes crocotulus Sunset rockfish 16 <0.1
Sebastes melanostomus Blackgill rockfish 16 <0.1
Sebastes entomelas Widow rockfish 14 <0.1
Sebastes eos Pink rockfish 14 <0.1
Sebastes rosaceus Rosy rockfish 4 <0.1
Sebastolobus sp. Thornyhead-unidentified 4 <0.1
Sebastes gilli Bronzespotted rockfish 4 <0.1
Sebastes aurora Aurora rockfish 2 <0.1
Sebastes macdonaldi Mexican rockfish 2 <0.1
Sebastes rufinanus Dwarf-red rockfish 2 <0.1
Sebastes ruberrimus Yelloweye rockfish 1 <0.1
Sebastes lentiginosus Freckled rockfish 1 <0.1
Sebastes serranoides Olive rockfish 1 <0.1
Sebastes crameri Darkbloched rockfish 1 <0.1
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Table 2. Total area (sq. km) and sampling effort (total transect distance, km) by depth stratum
and bank.

Site Depth stratum Area Distance
(m) (sq. km)
The Footprint 0-100 0.03 0.52
100-200 1.23 4.71
200-300 2.10 7.40
300-400 2.78 2.99
Piggy Bank 200-300 0.44 3.79
300-400 1.73 0.56
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Table 3. Total abundance (number of individuals), biomass (kg), and bootstrapped coefficient of
variation (CV) for each species across all depth strata and banks.

Species Abundance Biomass
Mean Cv Mean Ccv

Merluccius productus 15,505 0.63 4,113 0.65
Ophiodon elongatus 8,908 0.26 16,158 0.29
Sebastes aurora 632 0.91 34 0.94
Sebastes chlorostictus 5,206 0.34 2,540 0.41
Sebastes constellatus 3,514 0.32 971 0.34
Sebastes crameri 110 1.00 30 0.98
Sebastes crocotulus 951 0.46 1,043 0.44
Sebastes diploproa 67,275 0.42 4,933 0.42
Sebastes elongatus 2,423 0.37 213 0.32
Sebastes ensifer 619,114 0.22 36,429 0.31
Sebastes entomelas 667 0.87 386 0.87
Sebastes eos 3,058 0.29 2,447 0.35
Sebastes gilli 313 0.41 465 0.42
Sebastes hopkinsi 566,753 0.45 56,729 0.54
Sebastes jordani 275,826 0.56 25,635 0.66
Sebastes lentiginosus 117 0.98 7 0.92
Sebastes levis 4,109 0.28 7,520 0.30
Sebastes macdonaldi 140 0.66 211 0.68
Sebastes melanostomus 3,837 0.23 409 0.31
Sebastes ovalis 31,808 0.85 9,537 0.80
Sebastes paucispinis 12,624 0.37 16,152 0.35
Sebastes phillipsi 4,770 0.55 1,110 0.64
Sebastes rosaceus 80 0.65 22 0.66
Sebastes rosenblatti 2,030 0.38 1,649 0.45
Sebastes ruberrimus 9 0.54 1 0.00
Sebastes rubrivinctus 2,188 0.38 603 0.39
Sebastes rufinanus 107 0.97 5 1.01
Sebastes rufus 177,981 0.28 60,070 0.26
Sebastes saxicola 27,127 0.45 2,996 0.65
Sebastes semicinctus 161,365 0.52 7,509 0.50
Sebastes serranoides 74 0.97 92 0.%4
Sebastes simulator 75,853 0.12 10,488 0.15
Sebastes sp. 107,316 0.34 10,085 0.35
Sebastes wilsoni 68,024 0.77 2,829 0.78
Sebastes zacentrus 3,190 0.39 585 0.46
Sebastolobus alascanus 11,613 0.36 1,909 0.44
Sebastolobus sp. 1,549 0.49 0

Sebastomus sp. 6,399 0.40 1,095 0.37
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Table 4. A comparison of total length estimates for target rockfish species using parallel lasers
and image analysis software (Image analysis) and using parallel lasers to assign fishes to 10
cm bins (Video analysis).

Species Image analysis Video analysis % Error
Measurements Total length Measurements Total length
n Mean SD n Mean SD
Sebastes chlorostictus 10 33.0 | 3.2 66 29.3 6.1 11.1%
Sebastes crocotulus 3 43.8 5.5 16 39.7 6.4 9.4%
Sebastes levis 36 524 129 62 47.9 12.6 8.7%
Sebastes paucispinis 7 506 8.8 232 48.1 8.7 4.9%
Sebastes rufus 67 326 5.0 1883 30.2 7.5 7.5%
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Table 5. A summary (% of all individuals) of observed fish reactions to the remotely operated
vehicle (ROV). A reaction was defined as any movement or change in direction prior to the

time when the analyst could make a positive identification.

Scientific name Common name n  Noreaction  Ahead Laterally Vertical Down and
In Out Down Horizontal
Merluccius productus Pacific hake 57 79% 0% 9% 2% 11% 0% 0%
Ophiodon elongatus Lingcod 100 53% 4% 11% 28% 2% 2% 0%
Sebastes aurora Aurora rockfish 2 100% 0% 0% 0% 0% 0% 0%
Sebastes chlorostictus ~ Greenspotted rockfish 66 86% 5% 6% 2% 2% 0% 0%
Sebastes constellatus Starry rockfish 51 76% 6% 12% 2% 2% 2% 0%
Sebastes crameri Darkbloched rockfish 1 100% 0% 0% 0% 0% 0% 0%
Sebastes crocotulus Sunset rockfish 16 75% 6% 13% 6% 0% 0% 0%
Sebastes diploproa Splitnose rockfish 311 96% 0% 3% 1% 0% 0% 0%
Sebastes elongatus Greenstripe rockfish 20 90% 5% 5% 0% 0% 0% 0%
Sebastes ensifer Swordspine rockfish 10,295 86% 2% 2% 6% 4% 0% 1%
Sebastes entomelas Widow rockfish 14 43% 0% 7% 43% 7% 0% 0%
Sebastes eos Pink rockfish 14 86% 0% 7% 7% 0% 0% 0%
Sebastes gilli Bronzespotted rockfish 4 50% 0% 25% 0% 25% 0% 0%
Sebastes hopkinsi Squarespot rockfish 14,866 75% 5% 0% 7% 3% 1% 8%
Sebastes jordani Shortbelly rockfish 2,438 33% 1% 60% 5% 1% 0% 1%
Sebastes lentiginosus Freckled rockfish 1 100% 0% 0% 0% 0% 0% 0%
Sebastes levis Cowcod 62 63% 6% 13% 10% 3% 0% 5%
Sebastes macdonaldi Mexican rockfish 2 50% 0% 50% 0% 0% 0% 0%
Sebastes melanostomus  Blackgill rockfish 16 75% 6% 13% 0% 6% 0% 0%
Sebastes ovalis Speckled rockfish 594 87% 0% 0% 9% 0% 1% 3%
Sebastes paucispinis Bocaccio 232 73% 2% 6% 13% 1% 4% 1%
Sebastes phillipsi Chameleon rockfish 18 100% 0% 0% 0% 0% 0% 0%
Sebastes rosaceus Rosy rockfish 4 100% 0% 0% 0% 0% 0% 0%
Sebastes rosenblatti Greenblotched rockfish 25 84% 4% 4% 8% 0% 0% 0%
Sebastes ruberrimus Yelloweye rockfish 1 0% 0% 0% 0% 100% 0% 0%
Sebastes rubrivinctus Flag rockfish 32 72% 3% 0% 3% 0% 13% 9%
Sebastes rufinanus Dwarf-red rockfish 2 50% 0% 0% 0% 50% 0% 0%
Sebastes rufus Bank rockfish 1,883 7% 1% 8% 10% 2% 1% 0%
Sebastes saxicola Stripetail rockfish 222 95% 0% 4% 0% 0% 0% 0%
Sebastes semicinctus Halfbanded rockfish 3,028 2% 7% 5% 9% 5% 1% 1%
Sebastes serranoides Olive rockfish 1 100% 0% 0% 0% 0% 0% 0%
Sebastes simulator Pinkrose rockfish 569 91% 1% 5% 2% 0% 0% 0%
Sebastes sp. Rockfish-unidentified 1,569 80% 0% 3% 9% 4% 1% 4%
Sebastes wilsoni Pygmy rockfish 1,083 77% 7% 1% 10% 1% 0% 4%
Sebastes zacentrus Sharpchin rockfish 37 97% 0% 3% 0% 0% 0% 0%
Sebastolobus alascanus Shortspine thornyhead 39 97% 0% 3% 0% 0% 0% 0%
Sebastolobus sp. Thornyhead-unidentified 4 100% 0% 0% 0% 0% 0% 0%
Sebastomus sp. Rosy-group rockfish 53 75% 2% 6% 13% 4% 0% 0%
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Table 6. Summary of species diversity by site and depth.

Site name

Depth stratum

Diversity index

Richness Rarefaction Shannon Simpson

The Footprint

Piggy Bank

0-100m
100-200m
200-300m
300-400m

200-300m
300-400m

15.0
11.8
111

9.6

7.3
6.0

3.51
4.24
5.06
6.49

4.21
4.62

0.96
114
1.31
1.56

1.23
1.28

0.49
0.54
0.60
0.68

0.62
0.64
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Table 7. Actual and optimal (Neyman 1934) allocation of sampling effort for several target

species. Optimal-all allocates the total number of transects for the entire survey (i.e., at
both banks; n = 37), and Optimal-site allocates only the number of transects actually
conducted at each bank (n = 29 at The Footprint and n = 8 at Piggy Bank). Results for all
species are presented in Appendix 5.

Species Site Depth No. of Transects
Actual Optimal-all Optimal-Site
Sebastes levis The Footprint  0-100m il 0 0
100-200m 10 14 11
200-300m 13 23 18
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes paucispinis The Footprint  0-100m 1 0 0
100-200m 10 30 23
200-300m 13 7 6
300-400m 5
Piggy Bank 200-300m 6 0 8
300-400m 2
Sebastes rufus The Footprint  0-100m 1
100-200m 10 0 0
200-300m 13 13 28
300-400m 5 0 0
Piggy Bank 200-300m 6 2 1
300-400m 2 21 7
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9. Figures
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Figure 1. Map of the survey area indicating the extent of the sampling area, which includes The Footprint and Piggy Bank (dashed yellow
box), the location of ROV transects (solid lines symbolized by cruise leg; green dots represent the starting location of each transect),
and depth strata (blue polygons). The area within each polygon is in Table 2.
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Figure 2. The distribution and relative abundance of each rockfish species over each of the banks. The radius of each point represents the
number of individuals in each observation, and the size scale is independent within each panel.
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Figure 3. Total length (TL, cm) distributions for all rockfish species observed at both banks.
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Figure 4. Total length (TL, cm) distributions for target rockfish species observed at both banks using parallel lasers and image analysis
software.
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Figure 6. The encounter rate (number of fish per km) of each rockfish species by seabed type. The seabed types, which are described in
detail in Methods, are arranged from low- to high-complexity along the x-axis.
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Figure 7. The encounter rate (number of fish by km) of each rockfish species by seabed type and depth stratum. The darkness and radius of
each point are proportional to the encounter rate within each depth-seabed type combination; and the size scale is independent
within each panel. The seabed types, which are described in detail in Methods, are arranged from low- to high-complexity along the
X-axis.
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Figure 8. The vertical distribution of all rockfishes (height-above-the-seabed) observed during the study. The observations are not adjusted
relative to the volume searched within each vertical depth stratum.
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10. Appendices

Appendix 1. Coefficients used to compute biomass (g, B) from total length (TL, cm). When TL/W

relationships were unavailable, substitutions were made from closely related species as
described in Hyde and Vetter (2007, 2008) (see Comment field).

Scientific name Common name a b Sex Reference Comment
Merluccius productus Pacific hake 0.0347 2.5560 male (Dark, 1975)
Ophiodon elongatus Lingcod 0.0113 2.9900 both (RecFIN, 2009)
Sebastes aurora Aurora rockfish 0.0244 2.8320 both (Wilkins et al., 1998)
Sebastes chlorostictus Greenspotted rockfish 0.0091 3.1632 both (Love et al., 1990)
Sebastes constellatus Starry rockfish 0.0097 3.1598 both (Love et al., 1990)
Sebastes crameri Darkbloched rockfish 0.0295 2.8240 both (Wilkins et al., 1998)
Sebastes crocotulus Sunset rockfish 0.0216 2.9234 both (Love et al., 1990) borrowed from S. miniatus
Sebastes diploproa Splitnose rockfish 0.0041 3.2440 both (PSFMC, 1999)
Sebastes elongatus Greenstripe rockfish 0.0079 3.1275 both (Love et al., 1990)
Sebastes ensifer Swordspine rockfish 0.0132 2.9702 both (Love et al., 1990)
Sebastes entomelas Widow rockfish 0.0164 2.9426 both (Love et al., 1990)
Sebastes eos Pink rockfish 0.0186 2.9573 both (PSFMC, 1999)
Sebastes gilli Bronzespotted rockfish ~ 0.0177 2.9807 both (PSFMC, 1999)
Sebastes hopkinsi Squarespot rockfish 0.0146 2.9840 both (Love et al., 19590)
Sebastes jordani Shortbelly rockfish 0.0056 3.1600 both (PSFMC, 1999)
Sebastes lentiginosus Freckled rockfish 0.0067 3.3190 both (Chen, 1971) borrowed from S. umbrosus
Sebastes levis Cowcod 0.0101 3.0933 both (Love et al., 1990)
Sebastes macdonaldi Mexican rockfish 0.0445 2.6640 both (PSFMC, 1999)
Sebastes melanostomus  Blackgill rockfish 0.0123 3.0420 both (Love et al., 1990)
Sebastes ovalis Speckled rockfish 0.0052 3.2170 female (Love etal., 1990)
Sebastes paucispinis Bocaccio 0.0162 2.8810 female (Love etal., 1990)
Sebastes phillipsi Chameleon rockfish 0.0244 2.8320 unsexed (Wilkins et al., 1998) borrowed from S. aurora
Sebastes rosaceus Rosy rockfish 0.0052 3.3857 both (Love et al., 1990)
Sebastes rosenblatti Greenblotched rockfish  0.0110 3.1057 both (Love et al., 1990)
Sebastes ruberrimus Yelloweye rockfish 0.0074 3.2220 both (Rosenthal et al., 1982)
Sebastes rubrivinctus Flag rockfish 0.0206 2.9431 (RecFIN, 2009)
Sebastes rufinanus Dwarf-red rockfish 0.0146 2.9840 both (Love et al., 1990) borrowed from S. hopkinsi
Sebastes rufus Bank rockfish 0.0078 3.1469 both (Love et al., 1950)
Sebastes saxicola Stripetail rockfish 0.0093 3.1201 both (PSFMC, 1999)
Sebastes semicinctus Halfbanded rockfish 0.0127 3.0160 female (Love et al., 1990)
Sebastes serranoides Olive rockfish 0.0111 3.0630 female (Love and Westphal, 1981)
Sebastes simulator Pinkrose rockfish 0.0056 3.2785 both (Love, unpublished data)
Sebastes sp. Rockfish-unidentified 0.0146 2.9840 both (Love et al., 1990) borrowed from S. hopkinsi
Sebastes wilsoni Pygmy rockfish 0.0119 3.0230 (Moulton, 1977) borrowed from S. emphaeus
Sebastes zacentrus Sharpchin rockfish 0.0060 3.2800 both (Wilkins et al., 1998)
Sebastolobus alascanus  Shortspine thornyhead  0.0039 3.3570 both (Wakefield, 1990)
Sebastomus sp. Rosy-group rockfish 0.0132 2.9700 both (Love et al., 1950) borrowed from S. ensifer
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Appendix 2. Strip width estimates from each transect measured using photogrammetric software
(3Beam, Kocak et al. 2002).

Transect Samples Strip width
(n) Mean SD

11-264A 682 2.73 1.16
11-264B 519 2.08 113
11-264C 607 2.32 1.13
11-265A 874 3.13 1.07
11-265B 437 3.05 1.23
11-277A 558 2.28 1.06
11-284A 437 2.58 1.03
11-284B 411 2.24 0.99
11-284C 296 2.16 1.01
11-285A 282 2.62 1.16
11-285B 387 3.46 1.28
11-285C 321 2.77 0.96
11-338A 43 3.66 1.27
11-338B 230 3.57 1.31
11-338C 160 3.87 1.41
11-338D 338 3.61 1.33
11-338E 237 3.17 1.29
11-338F 243 3.75 1.59
11-338G 282 3.30 1.50
11-339A 131 3.30 1.69
11-3398 54 2.70 1.13
11-340A 231 2.87 1.07
11-3408 255 3.00 1.30
11-340C 140 3.34 1:21
11-340D 181 3.44 1.53
11-341A 355 4.43 1.62
11-3418B 310 2.88 1.33
11-341C 269 3.10 1.36
11-341D 134 3.07 1.29
11-341E 198 3.45 1.33
11-341F 152 3.10 113
11-341G 232 3.84 1.30
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Appendix 3. Bootstrap estimates of abundance and biomass for all species within each bank and depth stratum.

Species Site Depth Transects Distance Total obs Encounter rate Density Bootstrap abundance Bootstrap biomass

(m) (t) (km) (n) (n/km) (n/km?) Mean  CV 90% Cl-lower 90% Cl-upper Mean CV 90% Cl-lower 90% Cl-upper
Merluccius productus Piggy Bank 200-300 6 3.79 4 13 483 213 0.76 0 531 53 1 0 132
300-400 2 0.56 1] 0.0 0 0 0.00 1] 0 0 0.00 0 0
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 471 0 0.0 0 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 38 14.7 4,904 10,295 0.92 0 29,044 2,694 0.96 0 8,214
300-400 5 2,99 15 4.4 1,799 4,997 0.45 1,313 8,833 1,367 0.48 287 2,490
Ophiodon elongatus Piggy Bank 200-300 (3 3.79 1 0.2 75 33 0.88 0 95 32 0.89 0 95
300-400 2 0.56 0 0.0 1] 0 0.00 1] (1] 0 0.00 0 0
The Footprint 0-100 ;! 0.52 2 30 569 18 0.57 2 33 8 0.56 1 16
100-200 10 471 74 13.0 3,723 4,576 0.35 2,114 7,342 5,832 0.35 2,597 9,163
200-300 13 7.40 17 rEat 612 1,285 0.34 572 2,036 2,563 0.40 1,045 4,313
300-400 5 2.99 6 25 1,079 2,996 0.55 568 5,930 7,722 054 1,571 15,349
Sebastes aurora Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 o 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 o 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 0 0.0 o 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 5 2.99 2 0.6 228 632 0.91 0 1,969 34 094 0 103
Sebastes chlorostictus Piggy Bank 200-300 6 3.79 1] 0.0 o 0 0.00 0 0 0 0.00 0 0
300-400 2. 0.56 0 0.0 0 0 0.00 (1] (] 0 0.00 0 0
The Footprint 0-100 3 0.52 0 0.0 0 0 0.00 (1] 0 0 0.00 0 0
100-200 10 471 58 115 3,695 4,542 0.38 1,841 7,548 2,137 048 647 3,926
200-300 13 7.40 8 1.0 316 664 0.57 83 1,319 403 0.57 a7 814
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes constellatus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 1 1.9 285 9 054 1 17 2 045 1 4
100-200 10 471 45 8.5 2,576 3,167 0.34 1,453 5,062 800 0.39 345 1,346
200-300 13 7.40 4 0.6 161 338 0.73 0 811 168 0.68 0 368
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes crameri Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 ] 0.0 0 0 0.00 0 0 0 0.00 0 (1]
100-200 10 471 1 0.3 89 110 1.00 0 352 30 0.98 0 92
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 9. 2.99 0 0.0 0 0 0.00 0 0 0 0.00 o 0
Sebaostes crocotulus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 o0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 1 1.9 289 9 0.55 1 16 7 051 1 12
100-200 10 4.71 15 2.6 766 942 0.46 330 1,733 1,037 0.45 323 1,838
200-300 13 7.40 o 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 5 2.99 0 0.0 o 0 0.00 0 0 0 0.00 0 0
Sebastes diploproa Piggy Bank 200-300 6 3.79 118 25.9 8,408 3,708 054 967 7,681 474 0.60 95 1,041
300-400 2 0.56 13 22,6 6,614 11,471 0.74 0 24,098 1,350 0.72 0 2,733
The Footprint 0-100 a 0.52 a 0.0 o 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 19 3.2 1,144 1,406 0.65 216 3,156 31 0.78 0 78
200-300 13 7.40 19 Did. 1,609 3,377 0.78 364 8,704 241 0.77 10 597
300-400 5 299 144 38.2 17,037 47,313 057 11,387 102,943 2,837 0.63 593 6,550
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Appendix 3 (cont.). Bootstrap estimates of abundance and biomass for all species within each bank and depth stratum.

Species Site Depth Transects Distance Total obs Encounter rate Density Bootstrap abundance Bootstrap biomass

(m) (t) (km) (n) (n/km) (n/km?) Mean CV 90% Cl-lower 90% Cl-upper Mean CV 90% Cl-lower 90% Cl-upper
Sebastes elongatus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 1] 0.0 0 0 0.00 1] 0 0 0.00 0 0
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 471 0 0.0 0 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 19 21 851 1,786 0.38 745 3,013 188 0.34 89 296
300-400 5 2,99 1 0.6 230 638 0.89 0 1,318 25 0.89 0 75
Sebastes ensifer Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 o 0
300-400 2 0.56 0 0.0 1] 0 0.00 1] (1] 0 0.00 0 0
The Footprint 0-100 1 0.52 1,479 2860.1 428,554 13,341 0.55 1,701 24,626 497 0.60 49 956
100-200 10 471 6,437 1173.3 347,733 427436 0.27 246,990 621,084 25,145 0.41 10,157 44,402
200-300 13 7.40 2,179 306.3 84,956 178,337 043 64,571 313,159 10,787 0.41 3,858 18,483
300-400 5 2.99 i} 0.0 o 0 0.00 0 0 0 0.00 0 0
Sebastes entomelas Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 o 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 o 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 13 21 543 667 0.87 0 1,893 386 0.87 0 1,055
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes eos Piggy Bank 200-300 6 3.79 1] 0.0 o 0 0.00 0 0 0 0.00 0 0
300-400 2. 0.56 0 0.0 0 0 0.00 (1] (] 0 0.00 0 0
The Footprint 0-100 3 0.52 0 0.0 0 0 0.00 (1] 0 0 0.00 0 0
100-200 10 471 0 0.0 0 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 9 13 389 816 0.37 349 1,339 646 0.42 226 1,090
300-400 & 2.99 5 18 807 2,242 0.38 659 3,783 1,801 0.45 555 3,176
Sebastes gilli Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 1] 0.0 0 0 0.00 0 0 0 0.00 ] 0
100-200 10 471 o 0.0 0 0 0.00 1] 0 0 0.00 0 0
200-300 13 7.40 4 0.5 149 313 041 92 537 465 0.42 138 791
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes hopkinsi Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 6,521 12610.5 1,851,243 57,629 0.58 5,561 108,941 9,103 0.57 1,009 17,227
100-200 10 471 8,254 1505.4 413,804 508,650 0.50 114,094 954,647 47,594 0.63 5,912 104,727
200-300 13 7.40 6 0.8 226 474 0.81 0 1,260 33 0.68 0 70
300-400 S5, 299 0 0.0 o 0 0.00 0 0 0 0.00 0 0
Sebastes jordani Piggy Bank 200-300 6 3.79 217 51.8 18,009 7,943 0.53 1,271 15,158 835 071 81 2,055
300-400 2 0.56 o 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 1} 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 11 2.8 823 1,012 0.59 80 2,013 31 0.57 2 62
200-300 13 7.40 1,767 160.9 68,175 143,110 0.76 5,508 361,628 6,683 0.59 660 13,722
300-400 5 2.99 443 103.3 44,564 123,761 0.89 0 377,319 18,086 0.91 0 54,584
Sebastes lentiginosus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 o 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 a 0.0 o 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 0 0.0 0 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 1 0.1 56 117 0.98 (1] 367 7 092 0 20
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
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Appendix 3 (cont.). Bootstrap estimates of abundance and biomass for all species within each bank and depth stratum.

Species Site Depth Transects Distance Total obs Encounter rate Density Bootstrap abundance Bootstrap biomass

(m) (t) (km) (n) (n/km) (n/km?) Mean CV 90% Cl-lower 90% Cl-upper Mean CV 90% Cl-lower 90% Cl-upper
Sebastes levis Piggy Bank 200-300 6 3.9 0 0.0 V] 0 0.00 0 0 0 0.00 ] 0
300-400 2 0.56 1] 0.0 0 0 0.00 1] 0 0 0.00 0 0
The Footprint 0-100 1 0.52 2 3.9 576 18 0.55 2 33 33 0.57 4 62
100-200 10 47 30 5.2 1,538 1,891 0.40 735 3,164 3,187 0.49 792 5,849
200-300 13 7.40 28 3.6 1,048 2,201 0.38 1,000 3,764 4,300 0.38 1,833 7,206
300-400 35 299 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes macdonaldi Piggy Bank 200-300 b 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 1] 0 0.00 1] (1] 0 0.00 0 0
The Footprint 0-100 ;! 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 0 0.0 0 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 2 0.2 67 140 0.66 0 285 211 0.68 0 490
300-400 5 299 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes melanostomus Piggy Bank 200-300 6 3.79 3 0.7 204 90 0.66 0 191 77 059 0 156
300-400 2 0.56 0 0.0 o 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 o 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 0 0.0 0 0 0.00 0 0 0 0.00 (] 0
200-300 13 7.40 4 0.4 202 424 0.61 71 864 20 0.59 3 1
300-400 5 299 9 2.8 1,136 3,323 0.26 1,794 4,720 312 0.38 126 516
Sebastes ovalis Piggy Bank 200-300 6 3.79 (1] 0.0 (1] 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 3 0.52 (1] 0.0 0 0 0.00 (1] 0 0 0.00 0 0
100-200 10 471 554 96.8 25,877 31,808 0.85 1,993 85,915 9,537 0.80 730 25,595
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 & 299 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes paucispinis Piggy Bank 200-300 6 3.79 2 0.5 121 53 0.90 0 159 46 0.95 0 1439
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 66 127.6 18,384 572) 0.59 43 1,106 518 0.57 50 993
100-200 10 471 114 234 6,874 8,450 0.51 2,837 16,651 10,237 0.50 3,285 19,892
200-300 13 7.40 46 6.3 1,690 3,548 0.54 929 7,088 5,351 0.45 1,875 9,624
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes phillipsi Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 1 1.7 527 914 0.74 0 1,854 49 0.69 0 97
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 471 0 0.0 1] 0 0.00 0 1] 0 0.00 0 0
200-300 13 7.40 3 31 380 798 0.80 0 2,050 171 0.79 0 429
300-400 5; 299 11 26 1,101 3,059 0.80 0 8,517 830 0.78 0 2,412
Sebaostes rosaceus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 (1] 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 3 5.8 845 26 0.57 3 50 7 0.56 1 14
100-200 10 4.71 1 0.2 44 54 0.93 0 153 14 0.95 0 43
200-300 13 7.40 o 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes rosenblatti Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 (1] 0.0 (1] 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 1 0.3 96 118 0.93 0 352 29 0.96 0 85
200-300 13 7.40 24 2.9 911 1,912 0.40 758 3,381 1,620 0.46 546 2,991
300-400 5 299 0 0.0 0 0 0.00 0 0 0 0.00 0 0
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Appendix 3 (cont.). Bootstrap estimates of abundance and biomass for all species within each bank and depth stratum.

Species Site Depth Transects Distance Total obs Encounter rate Density Bootstrap abundance Bootstrap biomass

{m) (t) (km) (n) (n/km) (n/km?) Mean  CV 90% Cl-lower 90% Cl-upper Mean CV 90% Cl-lower 90% Cl-upper
Sebastes ruberrimus Piggy Bank 200-300 6 3.7 0 0.0 0 0 0.00 ] 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 1 1.9 294 9 054 1 17 1 0.00 1 i
100-200 10 471 0 0.0 0 0 0.00 0 0 0 0,00 0 0
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes rubrivinctus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 (i1} 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 (1] (1]
The Footprint 0-100 1 0.52 1 1) 292 9 053 1 17 2 046 1 4
100-200 10 471 24 45 1,350 1,659 0.43 605 2,929 463 0.46 116 811
200-300 13 7.40 6 0.9 247 519 0.81 0 1,291 138 0.68 0 288
300-400 & 299 0 0.0 0 0 0.00 0 1] 0 0.00 0 0
Sebastes rufinanus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 o0.00 0 0
100-200 10 4.71 2 0.3 87 107 0.97 0 333 5 101 0 16
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 000 0 0
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes rufus Piggy Bank 200-300 6 3.7 885 223.0 61,583 27,162 0.38 10,895 44,747 9,028 0.50 2,795 18,013
300-400 2 0.56 86 150.4 46,199 80,117 0.53 22,318 140,881 14,530 0.57 2,964 26,353
The Footprint 0-100 1 0.52 (1] 0.0 0 0 0.00 0 1] 0 0.00 1] o
100-200 10 471 75 17.6 5,440 6,687 043 2,185 11,534 1,935 057 381 3,875
200-300 13 7.40 724 97.1 28,707 60,260 0.36 26,150 97,299 33,779 0.37 14,423 53,597
300-400 5 2.99 13 31 1,352 3,754 0.79 0 10,221 799 0.72 0 1,996
Sebastes saxicola Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 ] ] 0 0.00 1] 1]
100-200 10 4.71 2 0.4 136 167 091 0 479 7 0359 0 21
200-300 13 7.40 216 34.1 12,032 25,257 0.49 5,981 47,255 2,942 0.66 314 6,363
300-400 5 2.99 4 14 613 1,703 0.29 896 2,509 47 0.36 17 75
Sebastes semicinctus Piggy Bank 200-300 6 3.79 1 0.2 68 30 0.95 0 95 1 030 0 4
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 1,264 2444.4 353,708 11,011 0.59 950 21,076 537 0.58 51 1,020
100-200 10 471 1,610 3744 122,004 149,969 0.56 20,520 297,538 6,899 0.54 1,114 13,485
200-300 13 7.40 3 0.5 169 355 0.94 0 1,049 71 1.00 0 219
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes serranoides Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4,71 1 0.2 60 74 097 0 216 92 0.%94 0 278
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 o0.00 0 0
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastes simulator Piggy Bank 200-300 6 3.7 313 80.6 25,862 11,407 0.19 7,751 14,905 1,525 0.23 977 2,164
300-400 2 0.56 28 50.1 16,528 28,662 0.07 25,952 31,245 3,309 0.07 3,002 3,614
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 7 21 605 744 093 0 2,234 151 0.54 (1] 426
200-300 13 7.40 167 24.2 8,182 17,175 0.37 7,269 28,035 2,879 0.38 1,161 4,726
300-400 = 299 48 15.2 6,433 17,866 0.32 8,197 27,840 2,624 041 1,042 4,318
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Appendix 3 (cont.). Bootstrap estimates of abundance and biomass for all species within each bank and depth stratum.

Species Site Depth Transects Distance Total obs Encounter rate Density Bootstrap abundance Bootstrap biomass

(m) (t) (km) (n) {n/km) (n/km?) Mean CV 90% Cl-lower 90% Cl-upper Mean CV 90% Cl-lower 90% Cl-upper
Sebastes sp. Piggy Bank 200-300 6 3.79 11 24 817 360 0.58 0 pral 49 0.70 0 115
300-400 2 0.56 4 7.2 2,369 4,108 0.06 3,707 4,464 537 0.07 4389 589
The Footprint 0-100 1 0.52 15 29.0 4,222 131 0.58 13 252 12 0.54 2 21
100-200 10 471 1,392 230.3 68,293 83,946 0.43 28,938 145,494 5,320 0.49 1,447 10,019
200-300 13 7.40 130 17.0 5,153 10,817 0.46 3,837 20,051 3,357 0.70 537 8,149
300-400 5 2.99 19 6.8 2,964 7,953 0.53 907 15,470 810 0.57 43 1,593
Sebastes wilsoni Piggy Bank 200-300 (3 3.79 (1] 0.0 (] 0 o0.00 0 0 0 0.00 (1] (1]
300-400 2 0.56 o 0.0 0 0 0.00 (1] 0 0 0.00 0 0
The Footprint 0-100 1 0.52 157 303.6 43,432 1,352 0.58 133 2,575 60 0.58 6 113
100-200 10 471 911 185.8 54,240 66,672 0.78 6,241 173,237 2,770 0.79 244 7,399
200-300 13 7.40 0 0.0 0 0 0.00 0 0 0 0.00 0 0
300-400 5 299 0 0.0 ] 0 0.00 0 0 0 0.00 0 0
Sebastes zacentrus Piggy Bank 200-300 6 3.79 0 0.0 0 0 0.00 0 0 0 0.00 1] (1]
300-400 2 0.56 1} 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 o 0.0 o 0 0.00 0 0 0 0.00 0 0
100-200 10 471 0 0.0 o 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 36 4.8 1,520 3,190 0.39 1,263 5,246 585 0.46 181 1,083
300-400 5 2.99 0 0.0 0 0 0.00 0 0 0 0.00 0 0
Sebastolobus alascanus Piggy Bank 200-300 6 3.79 15 4.9 1,620 714 053 254 1,519 87 0.35 39 138
300-400 2 0.56 4 74 2,558 4,437 0.70 0 8,927 462 0.72 0 937
The Footprint 0-100 1 0.52 0 0.0 o 0 0.00 0 0 0 0.00 0 0
100-200 10 4.7 0 0.0 o 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 2 0.3 96 201 0.65 0 432 39 0.66 0 83
300-400 5 2.99 18 5.5 2,254 6,260 0.45 2,453 11,491 1,321 0.58 100 2,611
Sebastolobus sp. Piggy Bank 200-300 6 3.79 1 0.5 154 68 0.91 0 204 0 0.00 0 0
300-400 2 0.56 1 1.7 545 944 0.68 0 1,854 0 0.00 0 0
The Footprint 0-100 1 0.52 0 0.0 0 0 0.00 0 0 0 0.00 0 0
100-200 10 4.71 0 0.0 0 0 0.00 0 0 0 0.00 0 0
200-300 13 7.40 1 0.1 58 121 0.95 0 367 0 0.00 0 0
300-400 5 2.99 1 0.4 150 416 0.88 0 1,212 0 0.00 0 0
Sebastomus sp. Piggy Bank 200-300 6 3.79 3 0.8 261 115 047 27 208 22 0.44 6 39
300-400 2 0.56 0 0.0 0 0 0.00 0 0 0 0.00 0 0
The Footprint 0-100 1 0.52 4 .7 1,162 36 0.56 L3 68 7 054 1 13
100-200 10 471 7 1.6 464 570 0.42 213 1,009 233 049 50 420
200-3200 13 7.40 28 3.6 1,178 2,473 0.68 472 5,834 359 0.52 98 690
300-400 9 2.99 10 2.8 1,154 3,205 0.61 0 6,893 474 0.71 0 1,147
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Appendix 4. Diversity statistics for each transect, arranged by bank and depth stratum.

Site name Depth stratum Transect name Diversity index
Richness Rarefaction Shannon Simpson
The Footprint 0-100m 11-340C 15 3.01 0.96 0.49
The Footprint 100-200m 11-284A 13 4.39 1.26 0.63
11-338A 9 3.40 1.19 0.68
11-3388 16 4.74 1.42 0.68
11-338C 15 4.31 1.22 0.60
11-338€ 16 3.24 0.63 0.22
11-339A 6 3.35 0.85 0.44
11-3398 B 2.21 0.42 0.22
11-340D 14 3.92 1.14 0.57
11-341E 10 5.53 1.45 0.66
11-341F 15 7.34 1.83 0.74
The Footprint 200-300m 11-264A 12 6.37 1.57 0.68
11-2648 12 9.34 2.16 0.86
11-264C 7 4.86 1.31 0.64
11-277A 14 2.26 0.37 0.13
11-2848B 7 Xl 1.56 0.75
11-338D 17 7.56 1.90 0.75
11-338F 12 3.96 0.88 0.37
11-338G 13 3.38 0.87 0.43
11-340A 11 5.51 1.58 0.73
11-3408B 14 5.89 1.60 0.70
11-341C 10 4.43 1.29 0.64
11-341D 4 2.82 0.83 0.51
11-341G 11 3.68 1.05 0.54
The Footprint 300-400m 11-264A 12 9.01 215 0.86
11-2648 10 7.99 1.95 0.83
11-264C 13 4.40 1.11 0.49
11-284C 9 7.05 1.71 0.76
11-285A 4 4.00 0.88 0.48
Piggy Bank 200-300m 11-265A 7 4.15 1.28 0.67
11-2658 5 3.78 1.14 0.62
11-2858 - 3.33 1.14 0.66
11-285C 9 5.34 1.56 0.74
11-341A 8 3.09 0.60 0.26
11-3418 11 5l 1.66 0.77
Piggy Bank 300-400m 11-265A 74 4.46 1.11 0.53
11-2658 5 4,77 1.44 0.74
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Appendix 5. Optimal sample allocation following Neyman (1934).

Species Site Depth No. of Transects
¥ v| Actual| v Optimal-all| ~ Optimal-Site| v
Merluccius productus The Footprint  0-100m 1
100-200m 10
200-300m 13 31 24
300-400m 5 6 3
Piggy Bank 200-300m 6 0 8
300-400m 2
Ophiodon elongatus The Footprint  0-100m 1 0 0
100-200m 10 15 15
200-300m 13 2 1
300-400m S 16 13
Piggy Bank 200-300m 6 0 8
300-400m 2
Sebastes aurora The Footprint  0-100m 1
100-200m 10
200-300m 13
300-400m 5 37 29
Piggy Bank 200-300m 6
300-400m 2
Sebastes chlorostictus ~ The Footprint  0-100m 1
100-200m 10 36 28
200-300m a3 1 il
300-400m o
Piggy Bank 200-300m 6
300-400m 2
Sebastes constellatus The Footprint  0-100m 1 0 0
100-200m 10 36 28
200-300m 13 1 i &
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes crameri The Footprint  0-100m 1
100-200m 10 37 29
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes crocotulus The Footprint  0-100m 1 0 0
100-200m 10 37 29
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes diploproa The Footprint  0-100m 1
100-200m 10 0 0
200-300m 13 0 0
300-400m 5 35 29
Piggy Bank 200-300m 6 0 0
300-400m 2 2 8
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Appendix 5 (cont.). Optimal sample allocation following Neyman (1934).

Species Site Depth No. of Transects
Actual Optimal-all Optimal-Site
Sebastes elongatus The Footprint  0-100m 1
100-200m 10
200-300m 13 21 16
300-400m 5 16 13
Piggy Bank  200-300m 6
300-400m 2
Sebastes ensifer The Footprint  0-100m 1 0 0
100-200m 10 27 21
200-300m 13 10 8
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes entomelas The Footprint  0-100m 1
100-200m 10 37 29
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes eos The Footprint  0-100m 1
100-200m 10
200-300m 13 3 2
300-400m 5 34 27
Piggy Bank 200-300m 6
300-400m 2
Sebastes gilli The Footprint  0-100m  §
100-200m 10
200-300m 13 37 29
300-400m S
Piggy Bank  200-300m 6
300-400m 2
Sebastes hopkinsi The Footprint  0-100m 1 0 0
100-200m 10 37 29
200-300m 13 0 0
300-400m )
Piggy Bank 200-300m 6
300-400m 2
Sebastes jordani The Footprint  0-100m 1
100-200m 10 0 0
200-300m 13 12 9
300-400m 5 25 20
Piggy Bank 200-300m 6 0 8
300-400m 2
Sebastes lentiginosus The Footprint  0-100m 1
100-200m 10
200-300m 13 37 29
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
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Appendix 5 (cont.). Optimal sample allocation following Neyman (1934).

Species Site Depth No. of Transects
Actual Optimal-all Optimal-Site
Sebastes levis The Footprint  0-100m 1 0 0
100-200m 10 14 11
200-300m 13 23 18
300-400m 5
Piggy Bank  200-300m 6
300-400m 2
Sebastes macdonaldi The Footprint  0-100m 1
100-200m 10
200-300m 13 37 29
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes melanostomus The Footprint  0-100m 1
100-200m 10
200-300m 13 0 0
300-400m 5 37 29
Piggy Bank 200-300m 6 0 8
300-400m 2
Sebastes ovalis The Footprint  0-100m 1
100-200m 10 37 29
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes paucispinis The Footprint  0-100m  § 0 0
100-200m 10 30 23
200-300m 13 7 6
300-400m S
Piggy Bank 200-300m 6 0 8
300-400m 2
Sebastes phillipsi The Footprint  0-100m 1
100-200m 10
200-300m 13 1 1
300-400m 5 34 28
Piggy Bank 200-300m 6
300-400m 2 1 8
Sebastes rosaceus The Footprint  0-100m 1 3 3
100-200m 10 34 26
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes rosenblatti The Footprint  0-100m 1
100-200m 10 0 0
200-300m 13 37 29
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
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Appendix 5 (cont.). Optimal sample allocation following Neyman (1934).

Species Site Depth No. of Transects
Actual Optimal-all Optimal-Site
Sebastes ruberrimus The Footprint  0-100m 1 37 29
100-200m 10
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes rubrivinctus The Footprint  0-100m 1 0 0
100-200m 10 30 24
200-300m 13 7 S
300-400m S
Piggy Bank 200-300m 6
300-400m 2
Sebastes rufinanus The Footprint  0-100m 1
100-200m 10 37 29
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes rufus The Footprint  0-100m 1
100-200m 10 0 0
200-300m a3 13 28
300-400m o 0 0
Piggy Bank 200-300m 6 2 1
300-400m 2 21 7/
Sebastes saxicola The Footprint  0-100m 1
100-200m 10 0 0
200-300m 13 37 29
300-400m 5 0 0
Piggy Bank 200-300m 6
300-400m 2
Sebastes semicinctus The Footprint  0-100m 1 0 0
100-200m 10 37 29
200-300m 13 0 0
300-400m 5
Piggy Bank 200-300m 6 0 8
300-400m 2
Sebastes serranoides The Footprint  0-100m 1
100-200m 10 37 29
200-300m 13
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastes simulator The Footprint  0-100m 1
100-200m 10 0 0
200-300m 13 13 11
300-400m 5 21 18
Piggy Bank 200-300m 6 2 4
300-400m 2 1 4
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Appendix 5 (cont.). Optimal sample allocation following Neyman (1934).

Species Site Depth No. of Transects
Actual Optimal-all Optimal-Site
Sebastes sp. The Footprint  0-100m 1 0 0
100-200m 10 36 28
200-300m 13 1 1
300-400m 5 1 0
Piggy Bank 200-300m 6 0 1
300-400m 2 0 7
Sebastes wilsoni The Footprint  0-100m 1 0 0
100-200m 10 37 29
200-300m 13
300-400m 3
Piggy Bank 200-300m 6
300-400m 2
Sebastes zacentrus The Footprint  0-100m 1
100-200m 10
200-300m 13 37 29
300-400m 5
Piggy Bank 200-300m 6
300-400m 2
Sebastolobus alascanus The Footprint  0-100m 1
100-200m 10
200-300m 13 0 0
300-400m = 29 29
Piggy Bank 200-300m 6 0 0
300-400m 2 8 8
Sebastolobus sp. The Footprint  0-100m 1
100-200m 10
200-300m 13 0 1
300-400m <] 14 28
Piggy Bank 200-300m 6 0 0
300-400m 2 23 8
Sebastomus sp. The Footprint  0-100m 1 0 0
100-200m 10 0 0
200-300m 13 10 8
300-400m 5 27 21
Piggy Bank 200-300m 6 0 8
300-400m 2

45



RECENT TECHNICAL MEMORANDUMS

SWEFSC Technical Memorandums are accessible online at the SWFSC web site (http://swfsc.noaa.gov).
Copies are also available from the National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161 (http://www.ntis.gov). Recent issues of NOAA Technical Memorandums from the
NMFS Southwest Fisheries Science Center are listed below:

NOAA-TM-NMFS-SWFSC-511

512

513

514

515

516

517

518

519

520

A guide to constructing hydrophone arrays for passive acoustic data
collection during NMFS shipboard cetacean surveys.

RANKIN, S., BARLOW, J. BARKLEY, Y. and VALTIERRA, R.

(May 2013)

The Sacramento Index (SI).

O'FARRELL, M. R., M. S. MOHR, M. L. PALMER-ZWAHLEN, and A. M.
GROVER

(June 2013)

Sample size recommendations for estimating stock composition using
genetic stock identification (GSlI).

ALLEN, S. D., W. H. SATTERTHWAITE, and M. S. MOHR

(June 2013)

Sources of human-related injury and mortality for U. S. Pacific west coast
marine mammal stock assessments, 2007-2011.

CARRETTA, J. V., S. M. WILKIN, M. M. MUTO, and K. WILKINSON
(July 2013)

Photographic guide of pelagic juvenile rockfish (SEBASTES SPP.) and other
fishes in mid-water trawl surveys off the coast of California.

SAKUMA, K. M., A. J. AMMANN, and D. A. ROBERTS

(July 2013)

Form, function and pathology in the pantropical spotted dolphin (STENELLA
ATTENUATA).

EDWARDS, E. F., N. M. KELLAR, and W. F. PERRIN

(August 2013)

Summary of PAMGUARD beaked whale click detectors and classifiers used
during the 2012 Southern California behavioral response study.

KEATING, J. L., and J. BARLOW
(September 2013)

Seasonal gray whales in the Pacific northwest: an assessment of optimum
sustainable population level for the Pacific Coast Feeding Group.

PUNT, A. E., and J. E. MOORE

(September 2013)

Documentation of a relational database for the Oregon sport groundfish
onboard sampling program.

MONK, M. E., E. J. DICK, T. BUELL, L. ZUMBRUNNEN, A. DAUBLE and D.
PEARSON

(September 2013)

A fishery-independent survey of cowcod (SEBASTES LEVIS) in the Southern
CA bight using a remotely operated vehicle (ROV).

STIERHOFF, K. L., S. A. MAU and D. W. MURFIN

(September 2013)
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